. The presence in lung of an active lipid metabolism gains physiological significance when the phospholipid content and high turnover of the surface active material (surfactant) of the alveolar lining layer are considered (14, 26) . It is accepted generally that a major function of the surfactant system of which dipalmitoyl lecithin is quantitatively an important constituent, is to lower and stabilize surface forces during the respiratory cycle. The incorporation of labeled precursors such as acetate and palmitate into lung phospholipids is thought to be necessary for the maintenance of the surfactant material.
The possibility that changes in the nutritional state of the animal may result in alterations in the mechanical and biochemical properties of mammalian lung has been examined in several laboratories. Accordingly, the present studies examined in vitro and in vivo the utilization of glucose-u-14C and glycerol-2-14C in fed and fasted rats. It was thought that the use of dietary manipulations that are known to alter significantly the circulating levels of glucose and glycerol in rat plasma could provide information on possible mechanisms associated with the control of lipid metabolism in the lung.
METHODS
Animals. Male Long-Evans hooded rats averaging approximately 250-300 g were used in all experiments. This strain of rat was selected because of its low incidence of respiratory disease (25). Upon receipt the animals were placed into individual stainless steel cages with raised wire floors and subsequently were fed a standard pelleted rat diet for an acclimation period of 2 weeks. The rats were maintained in a controlled environment; 22 C, 50 % relative humidity, and a 12-hr light-dark cycle, respectively. Fasted rats were deprived of food for 72 hr. All rats were offered water ad libitum.
In vitro techniques with lung slices. The procedures for the procurement of lung tissue, preparation of tissue slices, incubation conditions, and procedures for extracting, isolating, and counting the radioactivity in the various lipid fractions and 14C02 were as described previously (24). In vivo techniques with rat lung. The rats were anesthesized with sodium pentobarbital, 3 mg/lOO g body wt ip, and the hair on one leg was removed with clippers.
Tracer levels of glucose-u-i4C (5 PC specific activity 15.6 &pmole) or glycerol-2-14C (7.5 PC, ipecific activity 13.6 &pmole) were administered via a saphenous vein in a volume of 0.3 ml of 0.85 % NaCl. The rat was placed in a glass jar through which COZ-free air was drawn at a rate of 540 ml/min.
The expired CO2 was collected for 15 min in three glass-impinging tubes arranged in series, each containing 20 ml of 1 N NaOH.
After 15 min the rat was removed from the jar and killed by exsanguination and thoractomy.
The lungs were perfused with calcium-free Krebs-Ringer bicarbonate buffer, pH 7.4, via the right ventricle while the heart was still actively beating. The heart and lungs were removed en bloc and the lungs were 
RESULTS
The time course of glycerol-2J4C oxidation to CO2 and its incorporation into total lipid and phospholipid fractions of rat lung slices is shown in Fig. 1 . After an initial lag period, the incorporation of glycerol into these fractions was linear with time for at least 3 hr. Subsequent incubations were for 2 hr, unless indicated otherwise. The oxidation of glycerol-2-14C to CO2 and its incorporation into the total lipid fraction of lung slices as a function of glycerol concentration are shown in Fig. 2 . The data show an increased utilization of glycerol by rat lung slices as the concentration of glycerol in the incubation medium was increased from 1 to 25 mM. The utilization of glycerol at an incubation medium concentration of 1 mM was linear with time for 90 min and the rate of utilization shown in Fig. 2 was determined during this time. The addition of 5 mM glucose to the incubation medium reduced the apparent utilization of glycerol by lung slices at each level of glycerol, suggesting that glycerol and glucose share a common metabolite pool in rat lung. The distribution of total lung lipid radioactivity (Fig. 2) between the phospholipid and neutral lipid fractions is shown in Fig. 3 . The data show that glycerol preferentially was incorporated into the phospholipid fraction, as compared with the neutral lipid fraction, of lung lipids at each concentration of glycerol in the incubation medium.
The addition of 5 TllM glucose to the medium reduced the apparent incorporation of glycerol into lung phospholipids at each level of glycerol; however, this effect was less apparent for the neutral lipid fraction.
The utilization of glucose-U-14C and glycerol-2-14C by lung slices of fed and fasted rats is shown in when compared with the fed controls. These findings agree favorably with the in vitro data ( Table  1) . The in vivo incorporation of glycerol-2-14C into the total lipid, phospholipid, and neutral lipid fractions was increased significantly (P < 0.05) in lung tissue of fasted rats as compared with the fed controls. These findings are in contrast to the in vitro data (Table 1) that show no differences in glycerol utilization between fed and fasted rats. The oxidation in vivo of glycerol-2J4COz was reduced significantly (P < 0.05) in fasted rats as compared with the fed controls ( Table 3) .
The distribution of the phospholipid radioactivity from the in vivo studies between the glycerol and fatty acid moieties is shown in Table 4 . With glucose-U-14C as tracer, approximately 75 % of the lung phospholipid radioactivity in fed rats appeared in the glycerol moiety. Fasting for 72 hr abolished lipogenesis from glucose as essentially all the radioactivity was present in the glycerol moiety of lung phospholipids.
With glycerol-2-14C as tracer, greater than 85 % of the lung phospholipid radioactivity in fed rats appeared in the glycerol moiety. Lipogenesis from glycerol-2J4C in vivo was negligible in rat lung. The results on the utilization of glucose-U-14C and The data in Table 5 indicate marked differences beglycerol-2J4C in vivo by fed and fasted rats are presented tween fed and fasted rats in plasma levels of potential lung in Table 3 . Fasting for 72 hr resulted in significant reducphospholipid precursors.
The data show for fasted rats a tions (P < 0.05) in glucose-UJ4C incorporation in vivo significant reduction (P < 0.05) in plasma glucose and into various lung lipid components and oxidation to CO2 significant increases (P < 0.05) in plasma glycerol, plasma free fatty acids, and hematocrit as compared with the values for the fed controls.
DISCUSSION
The utilization of glucose and glycerol for lung lipid synthesis in the normal animal has been examined in several laboratories (7, 17, 23, 24, 3 1) . Felts (7) reported that glucose functioned predominantly in lung lipid metabolism by providing L-a-glycerol phosphate for the esterification of phospholipid fatty acids. Glucose also supplies carbon for the synthesis of phospholipid fatty acids (23, 24), and NADPEl, via the hexose monophosphate pathway, for the reductive biosynthesis of fatty acids (7, 9, 23, 24, 27) . The quantitative importance of glucose in lung lipid metabolism has not been established.
The preferential incorporation of glucose into lung phospholipids as compared with neutral lipids is consistent with the high phospholipid content and turnover of the surfactant material lining the alveolar membranes (14, 26) . In the present studies with rat lung slices, fasting was shown to result in decreased incorporation of glucose into lung lipids. Hydrolysis of the phospholipid fraction revealed that fasting decreased in particular glucose incorporation into phospholipid fatty acids. These results agree with our earlier studies with rat lung slices (24) The metabolism of glycerol by mammalian lung has not been studied as extensively as glucose, although Lands (17) and Wolfe, et al. (31) (Table 5) .
In general, the relative utilization by rat lung of glucose in the in vitro and in vivo studies was similar.
Starving rats for 72 hr decreased significantly (P < 0.05) glucose incorporation into phospholipid fatty acids by lung slices and by the whole lung in vivo. Plasma glucose also was depressed significantly (P < 0.05) in the starved rats as compared with the fed controls. Although measurements of glucose turnover were not undertaken in the present studies, it is assumed that glucose utilization is reduced markedly in the fasting state. Since an equal amount of glucose-UJ4C was administered intravenously to both the fed and fasted rats, the specific activity of the labeled glucose would be considerably h'gher for the fasted rats. Therefore the reduction in glucose utilization by the starved rats may be even greater than is apparent from the isotope data. The results on the utilization of glycerol by rat lung in vivo suggest that its incorporation into lung lipids is increased in the fasting state at a time when its oxidation to CO2 by the whole animal is decreased. Glycerol utilization by rat lung slices was not altered by the 72-hr period of starvation.
These results may suggest discrepancies between the data obtained in vitro and in vivo on glycerol utilization by rat lung. Eowever, from the results of the present studies it should be considered that glycerol utilization by rat lung increased as the concentration of glycerol increased (either in an incubation medium in vitro or during fasting in the intact rat). In essence, the starving animal provides a "physiological" means whereby the concentration of glycerol in the plasma is increased. These results also are in agreement with recent reports which have shown that glycerol uptake by rat kidney cortex slices (22) and human liver slices (21) was increased as the medium glycerol concentration was increased. It generally is agreed that plasma glycerol levels are important in regulating glycerol uptake by various tissues (22, 30) . 
